
Electronic Version

Stylesheet Version vl.1.1

Description

[THIN FILM TANSISTOR ARRAY PANEL

AND FABRICATING METHOD THEREOF]

Cross Reference to Related Applications

[0001] This application claims the priority benefit of Taiwan ap-

plication serial no. 92117364, filed June 26, 2003.

Background of Invention

[0002] Field of the Invention

[0003] The invention relates in general to a thin film transistor

(TFT) array and manufacturing method thereof, and more

particularly to a thin film transistor array having a high

opening rate and fabricating method thereof.

[0004] Related Art of the Invention

[0005] A thin film transistor (JFT) liquid crystal display (LCD) is

constructed of at least a thin film transistor array sub-

strate, a color filter array substrate and a liquid crystal

layer. The thin film transistor array substrate is composed

of a plurality thin film transistors arranged in an array, in



which each one of the thin film transistors are disposed

with a corresponding pixel electrode. The thin film tran-

sistor described above includes a gate, a channel layer, a

drain and a source. The thin film transistor is provided as

a switching device of the liquid crystal display unit.

[0006] The operation principle of the thin film transistor device is

similar to that of a conventional MOS device, in which

both of them includes three terminals (gate, drain and

source). In general, a thin film transistor device can be

classified into two types, one is an amorphous silicon type

and the other is an poly-silicon type, in which the amor-

phous silicon thin film transistor is more fully developed

than the others. With respect to an amorphous silicon thin

film transistor liquid crystal display (LCD), the process

flow of manufacturing thereof at least includes forming a

gate, a channel layer, a source/drain, a pixel electrode

and a cover layer over the substrate.

[0007] FIG. 1 is a top view illustrating a conventional thin film

transistor array, and FIG. lA to FIG. IE are cross-sectional

views illustrating a process flow chart of a method of

forming a thin film transistor array substrate.

[0008] Referring to FIG. 1 and FIG. lA, first of all, a substrate 100

is provided. Next,a first masking process is performed to



form a gate 12 and a scan line 20 connecting to tlie gate

12. In the meantime, a bonding pad 24 is formed at the

terminal of the scan line 20, and then a gate dielectric

layer 50 is formed over the substrate 10.

[0009] Referring to FIG. 1 and FIG. IB, a second masking process

is performed to form a channel layer 14 and an ohm con-

tact layer 15 on the gate dielectric layer 50 over the gate

12.

[0010] Referring to FIG. 1 and FIG. IC, a third masking process is

performed to form source/drain 16a/ 16b and a data line

22 connecting to the source 16a, and another bonding

pad 26 is formed at the terminal of the data line 22.

[0011] Referring to FIG. 1 and FIG. ID, a fourth masking process

is performed to form a patterned cover layer 52 over the

substrate 10 for exposing the drain 16b. The bonding pad

26 and the gate dielectric layer 50 are located at an upper

level with respect to the bonding pad 24.

[0012] Referring to FIG. 1 and FIG. IE, a fifth masking process is

performed to form a patterned low dielectric photoresist

layer 54 over the cover layer 52 for exposing portions of

the drain 16b and the bonding pads 26, 24 (exposure of

bonding pad 24 not shown). Then, the gate dielectric layer

50 on the bonding pad 24 is removed by using the pho-



toresist layer 54 as an etching mask. Thereafter, a sixth

masl<ing process is performed to form pixel electrode 30

on the photoresist layer 54, and to cover indium zinc ox-

ide (IZO) layers 32, 34 over the surface of the bonding

pads 26, 24.

[0013] The purpose of forming a low dielectric photoresist layer

above the cover layer is to enhance the opening rate of

the liquid crystal display. Because of the existence of the

low dielectric photoresist layer, the pixel electrode is ex-

tended to cover a portion of the data line to enhance the

opening rate. It is noted that the thickness of the low di-

electric photoresist layer is thick enough, therefore the

parasitic capactiance between the pixel electrode and the

data line is reduced, and the electrical property of the LCD

panel will not be influenced.

[0014] However, in the method described above, after a pat-

terned cover layer is provided in a masking process, then

another masking process is provided for patterning the

low dielectric photoresist layer. Therefore, one more

masking process is required, and therefore the process is

more complicated. Moreover, if the above process were to

be simplified applying a masking process for patterning

the low dielectric photoresist layer with one etching step.



however in the resulting structure the bonding pad 26

would remain exposed and unprotected. Therefore in the

subsequent step, the surface of the bonding pad 26 may

get damaged due to its exposure to the reactant used in

the subsequent process, for example, the developer and

the etching chemicals, and also during the steps of form-

ing a low dielectric photoresist layer 54 and then etching

the gate dielectric layer 50 above the bonding pad 24.

Summary of Invention

[0015] Accordingly, one object of the present invention is to pro-

vide a thin film transistor array substrate and the manu-

facturing method thereof, to solve the problems of the

conventional process.

[0016] It is another object of the present invention to provide a

thin film transistor array substrate and manufacturing

method thereof, for simplifying the manufacturing pro-

cess and preventing the bonding pad that is electrically

connected to the data line from the damage during the

manufacturing process.

[0017] Jo achieve these and other advantages and in accordance

with the purpose of the invention, as embodied and

broadly described herein, the present invention provides a

manufacturing method for a thin film transistor array sub-



strate. According to this metliod, a substrate is provided,

a plurality of scan lines and a plurality of gates are formed

over the substrate, wherein the gates are electrically con-

necteded to the scan lines on a substrate, and a plurality

of first bonding pads and a plurality of second bonding

pads are formed over two edges of the substrate at the

same time, wherein the first bonding pads and the scan

lines are electrically connected. Next, a gate dielectric

layer is formed over the substrate for covering the scan

lines, the gates, the first bonding pads and the second

bonding pads. Next, a plurality of channel layers is formed

over the gate dielectric layers of each of the gates. There-

after, a source/drain is formed on each of the channel

layers, and a data line is formed to electrically connect

with all the sources on the gate dielectric layers, wherein a

terminal of each ofdata lines is extended to every second

bonding pads. The gates, the channel layers and the

source/drain constitute a plurality of thin film transistors.

[0018] In the above enbodiment, preferably a first mask layer and

a second mask layer are formed over the gate dielectric

layers covering the first bonding pads and the second

bonding pads. Preferably the first mask layer and the sec-

ond mask layer are formed when forming the source/



drain and the data line. Alternatively, the first mask layer

and the second mask layer can be formed when forming

the channel layer. Moreover, the first and the second

mask layer may be comprised of a bilayer structure having

a top layer and a bottom layer and preferably, the top

layer is formed when forming the source/drain and the

data line and the bottom layer is formed when forming the

channel layer. Then, a cover layer is formed on the sub-

strate, and a patterned low dielectric photoresist layer is

formed over the cover layer. Next, a photoresist layer is

formed over the covering layer partially covering over the

two edges of the substrate, wherein the photoresist layer

comprises a plurality of first openings, a plurality of sec-

ond openings and a plurality of third openings. A portion

of the cover layer above the drain is exposed within the

first opening, a portion of the cover layer over the data

line is exposed within the second opening, and a portion

of the cover layer over the second bonding pad is exposed

within the third opening. Next, using the photoresist layer

as an etching mask, the portions of the cover layer and

the gate dielectric layer that are not covered by the pho-

toresist layer are removed. Thus, the drain and the data

line adjacent to the edge of the substrate, and the second



bonding pad adjacent to the data line are exposed. In the

etching step, a portion of the first mask layer and the sec-

ond mask layer disposed over the two edges of the sub-

strate is also provided as an etching mask. Thus, the por-

tion of the gate dielectric layer over the two edges of the

substrate that is not coverd by the first/second mask layer

is removed in the etching step, and the first bonding pad

and the second bonding pad are exposed. Finally, a plu-

rality of pixel electrodes are formed over the photoresist

layer, and an electrode material layer in the second and

third openings and over the first bonding pad and the

second bonding pads, wherein the drain and pixel elec-

trode are electrically connected via the first opening. The

data line and the second bonding pad are electrically con-

nected via the second and third openings and the elec-

trode material layer.

[0019] It is to be noted that, if the first mask layer and the sec-

ond mask layers were formed when forming the channel

layer, then the first mask and the second mask layer need

to be removed resulting in removal of an upper portion of

the gate dielectric layer under the first mask layer and the

second mask layer, and thereby thinning or reducing the

thickness of the gate dielectric layer. Therefore, the thick-



ness of the gate dielectric layer under the first mask layer

and the second mask layer will be less than the thickness

of the original gate dielectric layer.

[0020] In accordance with a further object of the present inven-

tion, the present invention provides a thin film transistor

array including a plurality of scan lines, a plurality of first

bonding pads, a plurality of second bonding pads, a gate

dielectric layer, a plurality of data lines, a plurality of first

mask layers, a plurality of second mask layers, a plurality

of thin film transistors, a cover layer, a low dielectric pho-

toresist layer and a plurality of pixel electrodes. The scan

line is disposed on the substrate. The first bonding pad is

disposed on an edge of the substrate, wherein the first

bonding pad is electrically connected with the scan line.

The second bonding pad is disposed on another edge of

the substrate. Moreover, the gate dielectric layer is dis-

posed on the substrate, and portions of the first/second

bonding pads are exposed within the gate dielectric layer.

The data line is disposed over the gate dielectric layer,

wherein the data line is extended to the edge of the sub-

strate and electrically connected with the second bonding

pad. In addition, the first mask layer is disposed on the

gate dielectric layer over the first bonding pad, and a por-



tion of the first bonding pad is exposed by the first masl<

layer. The second masl< layer is disposed on the gate di-

electric layer over the second bonding pad, and a portion

of the second bonding pad exposed is exposed by the

second mask layer. Moreover, the thin film transistor is

disposed over the substrate, wherein each of the thin film

transistors includes a gate, a source/drain and a channel

layer. Each of the gates is electrically connected to each of

the scan lines, and each of the sources is electrically con-

nected with each of the data lines. Each of the channel

layers is disposed over each of the gate dielectric layers of

the gates. The cover layer is disposed over the substrate,

and the low dielectric photoresist layer is disposed over

the cover layer. The part of two edges of the substrate

covered by the first mask layer and the second mask layer

not covered by the low dielectric photoresist layer remain

exposed. The pixel electrode is disposed over the low di-

electric photoresist layer corresponding to the thin film

transistors, in which each of the pixel electrodes is elec-

trically connected with each of the drain.

[0021] In the above thin film transistor array, the material of the

first mask layer and the second mask layer is same as that

of the source/drain and the data line, also they can be



same as that of the channel layer. Moreover, the first

mask layer and the second mask layer can be comprised

of a bilayer structure having a top layer and a bottom

layer, in which the material of the top layer can be same

as that of the source/drain and the data line, and the ma-

terial of the bottom layer can be same as that of the chan-

nel layer.

[0022] In accordance with a further object of the present inven-

tion, the present invention provides a thin film transistor

array including a plurality of scan lines, a plurality of first

bonding pads, a plurality of second bonding pads, a gate

dielectric layers, a plurality of data lines, a plurality of thin

film transistors, a cover layer, a low dielectric photoresist

layer and a plurality of pixel electrodes. The scan line is

disposed over the substrate. The first bonding pads are

disposed over an edge of the substrate, wherein the first

bonding pads are electrically connected with the scan

lines. The second bonding pads are disposed over another

edge of the substrate. Moreover, the gate dielectric layer

is disposed over the substrate, wherein portions of the

first bonding pads and the second bonding pads are ex-

posed by the gate dielectric layer. The thickness of the

gate dielectric layer over the edge of the first bonding



pads and the second bonding pads and is less tlian a

tliickness any otiier portions of tlie gate dielectric layer.

Moreover, the data line is disposed over the gate dielectric

layer, wherein the data lines extended to the edge of the

substrate to electrically connect with the second bonding

pads. The thin film transistors are disposed over the sub-

strate, wherein each of the thin film transistors includes a

gate, a source/drain and a channel layer. Each of the gates

is electrically connected with each of the scan lines, and

each of the sources is electrically connected with each of

the data lines. Each of the channel layers is disposed over

the each of the gate dielectric layers of the gate. In addi-

tion, the cover layer is disposed over the substrate, the

low dielectric photoresist layer is disposed over the cover

layer. The two edges of the substrate having the first

bonding pads and the second bonding pads are exposed

by the low dielectric photoresist layer. The pixel elec-

trodes are disposed over the low dielectric photoresist

layer corresponding to the thin film transistors, wherein

each of the pixel electrodes is electrically connected with

each of the drain.

[0023] Accordingly, in the manufacturing method of a thin film

transistor array substrate of the present invention, the



second bonding pads electrically connected to the data

line is formed under the gate dielectric layer and disposed

in the first metal layer. Therefore, the problem of the

damaging the second bonding pad as in the case of the

conventional process can be effectively resolved.

[0024] Moreover, in the present invention, because the first mask

layer and the second mask layer are provided for protect-

ing the first bonding pads and the second bonding pads,

and therefore only one mask is required for patterning of

the low dielectric photoresist layer and the cover layer,

and therefore the process the invention is more simplified

compared to the conventional process, and further, dam-

aging of the first bonding pads and the second bonding

pads during the processing can be effectively prevented.

[0025] It is to be understood that both the foregoing general de-

scription and the following detailed description are exem-

plary, and are intended to provide further explanation of

the invention as claimed.

Brief Description of Drawings

[0026] jhe accompanying drawings are included to provide a

further understanding of the invention, and are incorpo-

rated in and constitute a part of this specification. The

drawings illustrate embodiments of the invention and, to-



gether with the description, serve to explain the principles

of the invention.

[0027] FIG. 1 is a top view illustrating a conventional thin film

transistor array.

[0028] FIG. lA to FIG. IE are cross-sectional views illustrating the

progression steps of the process of fabricating a thin film

transistor array substrate corresponding to the cross-

sectional view along line l-l" of FIG. 1.

[0029] FIG. 2A is a top view illustrating a thin film transistor array

according to a first embodiment of the present invention.

[0030] FIG. 2B is a view illustrating the second bonding pad

shown in FIG. 2A.

[0031] FIG. 3A to FIG. 3H are cross-sectional views illustrating

the progression steps of the process of fabricating a thin

film transistor array substrate corresponding to the cross-

sectional view along line ll-H" of FIG. 2A according to the

first embodiment of the present invention.

[0032] FIG. 4A is a top view illustrating a thin film transistor array

according to the second embodiment of the present in-

vention.

[0033] FIG. 4B is a view illustrating the bonding pad shown in

FIG. 4A.

[0034] FIG. 5 is a top view illustrating another thin film transistor



array according to a second embodiment of tlie present

invention.

[0035] FIG. 6A to FIG. 61 are cross-sectional views illustrating the

progression steps of a process of fabricating of a thin film

transistor array substrate corresponding to the cross-

sectional views along line ll-M" of FIG. 4A and FIG. 5 ac-

cording to the second embodiment of the present inven-

tion.

[0036] FIG. 7 is a top view illustrating another thin film transistor

array according to a third embodiment of the present in-

vention.

[0037] FIG. 8A to FIG. 8G are cross-sectional views illustrating

the progression steps of process of fabricating a thin film

transistor array substrate according to the third embodi-

ment of the present invention.

[0038] FIG. 9 is a cross-sectional view of a thin film transistor ar-

ray having an etching stop layer.

[0039] FIG. 10 is a cross-sectional view of another thin film tran-

sistor array having an etching stop layer.

[0040] FIG. 11 is a cross-sectional view of another thin film tran-

sistor array having an etching stop layer.

Detailed Description

[0041] The present invention now will be described more fully



hereinafter with reference to the accompanying drawings,

in which preferred embodiments of the invention are

shown. This invention may, however, be embodied in

many different forms and should not be construed as lim-

ited to the embodiments set forth herein; rather, these

embodiments are provided so that this disclosure will be

thorough and complete, and will fully convey the scope of

the invention to those skilled in the art. Like numbers re-

fer to like elements throughout.

[0042] Hereinafter, FIG. 2A is a top view illustrating a thin film

transistor array according to the first embodiment of the

present invention. FIG. 2B is a view illustrating the second

bonding pad shown in FIG. 2A. FIG. 3A to FIG. 3H are

cross-sectional views illustrating the progression steps of

a process of fabricating a thin film transistor array sub-

strate corresponding to the cross-sectional view along

line ll-ll" of FIG. 2A according to the first embodiment of

the present invention.

[0043] A thin film transistor array substrate and the manufactur-

ing method thereof of the present invention will be de-

scribed in detail in the followings, in which a pixel struc-

ture and a portion of the bonding pad will be described

referring to the figures.



[0044] Referring to FIG. 2A and FIG. 3A, first of all, a substrate

100 is provided. Next, a first masking process is per-

formed to form a scan line 101 and a gate 102 over the

substrate 100, wherein the gate 102 is connected with the

scan line 101. Next, a first bonding pad 130 and a second

bonding pad 140 are formed over two edges of the sub-

strate 100. The first bonding pad 130 is electrically con-

nected with the scan line 101. The scan line 101, the gate

102, the first bonding pad 130 and the second bonding

pad 140 are disposed in the first metal layer (Ml).

[0045] Thereafter, a gate dielectric layer 104 is formed on the

substrate 100 to cover the scan line 101, the gate 102,

the first bonding pad 130 and the second bonding pad

140. A material of the gate dielectric layer 104 includes,

for example but not limited to, a silicon nitride or a silicon

oxide.

[0046] Next, referring to FIG. 2A and FIG. 3B, a second masking

process is performed to form a channel layer 106 and an

ohm contact layer 108 on the gate dielectric layer 104over

the gate 102. A material of the channel layer 106 in-

cludes, for example but not limited to, an amorphous sili-

con (a-Si). A material of the ohm contact layer 108 in-

cludes, for example but not limited to, a doped amor-



phous silicon (n+-Si).

[0047] Referring FIG. 2A and FIG. 3C, a third masking process is

performed to form a source 110a, a drain 110b on the

ohm contact layer 108, and a data line 112, wherein the

data line 122 is connected with the source 110a. A termi-

nal of the data line 112 extends to the second bonding

pad 140. The gate 102, the source 110a , the drain 110b

and the channel layer 106 constitute a thin film transistor

111. Wherein, during the step of forming the source 110a,

the drain 110b and the data line 112, a conductive layer

152 is further formed over the gate dielectric layer 104

and another scan line 101a being adjacent to the scan line

101. Hereinafter, the conductive layer 152 is provided as a

top electrode of a pixel storage capacitor. Here, the

source 110a, the drain 110b, the data line 112 and the

conductive layer 152 are disposed in a second metal layer

(M2).

[0048] Particularly, in the present embodiment, when the second

metal layer including the source 110a, the drain 110, the

data line 112 and the conductive layer 152 is formed, a

first mask layer 132 and second mask layer 142 are

formed over the gate insulating layer 104, the first bond-

ing pad 130 and the second bonding pad 140. Wherein



the edges of the first/second bonding pad 130/140 are

covered at least by the first/second mask layers 132/142.

For example, in the second bonding pad 140 and the sec-

ond mask layer 142 shown in FIG. 2B, a distance "a" and a

distance "b" between the second mask layer 142 and the

second bonding pad 140 is larger than 0 or equal to 0.

Because a material of the first/second mask layer

132/142 include a metal material, the area thereof are

preferably not too large, therefore the first/second mask

layers 132/142 can be designed in a ring pattern to cover

the edge of the first/second bonding pads 130/140.

[0049] Hereinafter, referring to FIG. 3D, after the second metal

layer is formed, a cover layer 113 on the substrate 100 is

formed to cover the second metal layer, i.e., covering the

source, 110a, the drain 110b, the data line 112, conduc-

tive layer 152 and the first/second mask layers 132/142.

A material of the cover layer 113 includes, for example

but not limited to, a silicon nitride or a silicon oxide.

[0050] Referring FIG. 2A and FIG. 3E, a fourth masking process is

performed to form a patterned low dielectric photoresist

layer 114 over the substrate 100 for covering the cover

layer 113 and partially covering the two edges of the sub-

strate 100 (i.e., partially covering the two edges of the



first bonding pad 130 and the second bonding pad 140).

l\/loreover, in tlie above patterning step, a first opening

116, a second opening 118 and a third opening 120 are

formed in the low dielectric photoresist layer 114. The

first opening 116 is positioned over the drain 110b. The

second opening 118 is positioned over a portion of the

data line 112 in the edge of the substrate 100. The third

opening 120 is formed over the second bonding pad 140

adjacent to the data line 112. Wherein, a thickness of the

low dielectric photoresist layer 114 is greater than 800

nm, and a method of forming the patterned low dielectric

photoresist layer 114 includes, for example but not lim-

ited to, coating a photoresistance material layer and then

patterning the photoresistance material layer by a lithog-

raphy process.

[0051] Next, referring to FIG. 2A and FIG. 3F, by using the low di-

electric photoresist layer 114 as an etching mask, por-

tions of the cover layer 113 and gate dielectric layer 104

that are not covered by the low dielectric photoresist layer

114 are removed until portions of the drain 110b, the

data line 112 adjacent to the edge of the substrate 100,

and the second bonding pad 140 adjacent to the data line

112 respectively are exposed. Moreover, in the etching



step, the remaining part of tlie first/second masl< layers

132/142 adjacent to the two edges of the substrate 100

are also provided as an etching mask, in order to remove

the gate dielectric layer 104 that are not covered by the

first/second mask layer 132/142 in the two edges of the

substrate 100, and to expose a portion of the first bond-

ing pad 130 and a portion of the second bonding pad

140.

[0052] Referring to FIG. 2A and FIG. 3G, a fifth masking process

is performed to form a pixel electrode 122 on a surface

over the low dielectric photoresist layer 114, wherein the

pixel electrode 122 is electrically connected with the drain

110b via the first opening 116. During the step of forming

pixel electrode 122, a portion of the electrode material

layer 124 in the second opening 118 and in the third

opening 120 are left behind electrically connecting with

the data line 112 and the second bonding pad 140 re-

spectively, therefore the data line 112 and the second

bonding pad 140 are electrically connected. Then an elec-

trode material layer 134/144 is formed on a surface over

the first/second bonding pad 130/140, wherein a cover-

age area of the electrode material layer 134/144 covering

over the first/second mask layer 132/142 is at least equal



to the area of the layer 132/142. For example, as shown

in FIG. 2B, a distance "c" between the second mask layer

142 and the electrode material layer 144 is larger than or

equal to 0.

[0053] Referring FIG. 2A, the pixel electrode 122 formed above

covers a portion of the data line 112, in order to enhance

the opening rate of the thin film transistor array. More-

over, the pixel electrode 112 further covers the conduc-

tive layer 152 and a portion of the scan line 101a, in order

to construct a pixel storage capacitor. Wherein, the pixel

electrode 112 and the conductive layer 152 are provided

as a top electrode, and the scan line 101a below is pro-

vided as a bottom electrode. The gate dielectric layer be-

tween the top electrode and the bottom electrode is

proviced as a capacitance dielectric layer, wherein the

pixel electrode 112 and the conductive layer 152 are elec-

trically connected through an opening 154 formed in the

low dielectric photoresist layer and the cover layer.

[0054] Hereinafter, referring to FIG. 3H, a portion of the first/

second mask layer 132/142 that is not covered by the low

dielectric photoresist layer 114 and the electrode material

layers 134, 144 is removed.

[0055] In the present embodiment, since the second bonding pad



140 is formed under the cover layer 113, and the first and

second bonding pads 130, 140 are disposed in the first

metal layer, the second bonding pad 140 is exposed to-

gether with the first bonding pad 130 during the same

step of process. Therefore, the damage of the second

bonding pad 140 due to exposure thereof to the process

reactants as in the case of conventional process can be

effectively prevented. Moreover, since the first/second

mask layer 132/142 covers the first/second bonding pad

130/140, and therefore the cover layer 113 and the low

dielectric photoresist layer 114 can be patterned at the

same time without damaging the first bonding pad 130

and the second bonding pad 140.

[0056] jhe thin film transistor array of the present embodiment

as shown in FIG. lA and FIG. 2E is constituted by the scan

line 101, the first bonding pad 130, the second bonding

pad 140, the gate dielectric layer 104, the data line 112,

the first mask layer 132, the second mask layer 142, the

thin film transistor 111, the cover layer 113, the low di-

electric photoresist layer 114, the pixel electrode 122 and

the pixel storage capacitor 150.

[0057] Jhe scan line 101 is disposed on the substrate 100. The

first bonding pad 130 is disposed at an edge of the sub-



strate 100, wherein the first bonding pad 130 and the

scan line 101 are electrically connected. The second

bonding pad 140 is disposed over another edge of the

substrate 100. Moreover, the gate dielectric layer 104 is

disposed on the substrate 100, and a portion of the first/

second bonding pad 134/144 is disposed within the gate

dielectric layer 104. The data line 112 is disposed on the

gate dielectric layer 104, wherein the data line 112 is ex-

tended to the edge of the substrate 100 and electrically

connected with the second bonding pad 140 via the open-

ings 118, 120 and the electrode material layer 124

formed in the openings 118, 120.

[0058] In addition, the first mask layer 132 is disposed on the

gate dielectric layer 104 over the first bonding pad 130,

and the first bonding pad 130 disposed within the gate

dielectric layer 104 is also disposed within the first mask

layer 132. The second mask layer 142 is disposed on the

gate dielectric layer 104 over the second bonding pad

140, and a portion of the second bonding pad 140 ex-

posed by patterning the gate dielectric layer 104 and the

second mask layer 142, wherein the edge of the first/

second bonding pad 130/140 is at least covered by the

first/second mask layer 132/142. A material of the first/



second mask layer 132/142 is the same as the material of

the source/drain llOa/llOb and data line 112.

[0059] Furthermore, the thin film transistor 111 is disposed on

the substrate 100, wherein the thin film transistor 111 is

constituted by the gate 102, the source/drain llOa/llOb

and the channel layer 106. The gate 102 is electrically

connected with the scan line 101, and the source 110a is

electrically connected with the data line 112. The channel

layer 106 is disposed on the gate dielectric layer 104 over

the gate 102.

[0060] The cover layer 113 and the low dielectric photoresist

layer 114 are disposed over the substrate 100. The first

mask layer 132, the second mask layer 142 covering the

first bonding pad 130 and the second bonding pad 140

over two edges of the substrate 100 are not covered by

the low dielectric photoresis layer 114 and remain ex-

posed. The pixel electrode 122 is disposed over the low

dielectric photoresist layer 114 corresponding to the thin

film transistor 111. The pixel electrode 122 is electrically

connected with the drain 110b via the contact window 116

disposed in the low dielectric photoresist layer 114 and

the cover layer 113.

[0061] The pixel storage capacitor 150 is disposed on the scan



line 101a adjacent to the scan line 101. The scan line

101a is provided as a bottom electrode, and the conduc-

tive layer 152 and the pixel electrode 112 (electrically

connected via the contact window 154) over the scan line

101a is provided as a top electrode. The gate dielectric

layer 104 between the top electrode and the bottom elec-

trode is provided as a capacitance dielectric layer.

[0062] Hereinafter, a second embodiment of the present inven-

tion is described. In addition, in the present invention, if

the material of the first mask layer and the second mask

layer are comprised of an amorphous silicon material, the

first mask layer and the second mask layer can be fabri-

cated simutaneously as a single mask layer during the

formation of the channel layer and the ohm contact layer.

On the other hand, if the material of the first mask layer

and the second mask layer is comprised of a metal , then

the first mask layer and the second mask layer can be si-

multaneously fabricated during the formation of the sec-

ond metal layer.

[0063] FIG. 4A is a top view illustrating a thin film transistor array

according to the second embodiment of the present in-

vention, and FIG. 4B is a perspective view illustrating the

bonding pad shown in FIG. 4A. FIG. 6A to FIG. 6F are



cross-sectional views illustrating the progression steps of

a process of fabricating a thin film transistor array sub-

strate corresponding to the cross-sectional views along

line ll-ir of FIG. 4A according to the second embodiment

of the present invention. Likewise, hereinafter, a pixel

structure and a portion of the bonding pad of a thin film

transistor array will be described in detail referring to the

above figures.

[0064] First of all, referring to FIG. 4A and FIG. 6A, a substrate

100 is provided. A first masking process is performed to

form a scan line 101 and a gate 102 over the substrate

100, wherein the gate 102 is electrically connected with

the scan line 101. Next, a first bonding pad 130 and a

second bonding pad 140 are simultaneously formed over

two edges of the substrate 100, wherein the first bonding

pad 130 is electrically connected to the scan line 101. The

scan line 101, the gate 102, the first bonding pad 130

and the second bonding pad 140 are disopsed in the first

metal layer.

[0065] Next, a gate dielectric layer 104 is formed over the sub-

strate 100 to cover the scan line 101, the gate 102, the

first bonding pad 130 and the second bonding pad 140.

[0066] Then, referring to FIG. 4A and FIG. 6B, a second masking



process is performed to form a channel layer 106 and an

ohm contact layer 108 over the gate dielectric layer 104.

In the meantime, a first mask layer 232 and a second

mask layer 242 are formed on the gate dielectric layer 104

over the first bonding pad 130 and the second bonding

pad 140. An ohm contact material layer (as numeral 242a

shown in FIG. 6B) is formed over the first mask layer and

the second mask layer 242.

[0067] The edge of the first/second bonding pad 130/140 is at

least covered by the first mask layer 232 and the second

mask layer 242. For example, as shown in FIG. 4B, a dis-

tance "a" and a distance "b" between the second bonding

pad 140 and the second mask layer 242 is larger than or

equal to 0.

[0068] Next, referring to FIG. 4A and FIG. 6C, a third masking

process is performed to form a source 110a and a drain

110b over the ohm contact layer 108, and a data line 112

connecting to the source 110a. A terminal of the data line

112 is extended to the second bonding pad 140. A thin

film transistor 111 is constituted by the gate 102, the

source 110a, the drain 110b and the channel layer 106.

During the process of forming the source 110a the drain

110b, a portion of the ohm contact layer 108, or even an



upper portion of the channel layer 106 will be removed.

Therefore, the ohm contact material layer (as a numeral

242a shown in FIG. 6B) will be removed during the pro-

cess of forming the first/second mask layer 242. In addi-

tion, during the step of forming the source 110a , the

drain 110b and the data line 112, a conductive layer 152

is also formed on the gate dielectric layer 104 over the

other scan line 101a adjacent to the scan line 101, which

will be provided as a top electrode of a pixel storage ca-

pacitor. The source 110a, the drain 110b, the data line

112 and the conductive layer 152 are disposed in a sec-

ond metal layer.

[0069] Next, referring to FIG. 6D, after the second metal layer is

formed, a cover layer 113 is formed on the substrate 100

to cover the second metal layer (including the source

110a, the drain 110b, the data line 112 and the conduc-

tive layer 152).

[0070] Referring to FIG. 4A and FIG. 6E, a fourth masking process

is performed to form a patterned low dielectric photore-

sist layer 114 over the substrate 100 to cover the cover

layer 113 partially covering over the two edges of the

substrate 100, such that the remaining area of the cover

layer 113 not covered by the low dielectric photoresist



114 over the first bonding pad 130 and tlie second bond-

ing pad 140 remain exposed. Tlie patterned low dielectric

photoresist layer 114 comprises a first opening 116, a

second opening 118 and a third opening 120, wherein the

first opening 116 is formed over the drain 110b, the sec-

ond opening 118 is formed over the data line 112 at the

edge of the substrate 100 and the third opening 120 is

formed over the second bonding pad 140.

[0071] Then, referring to FIG. 4A and FIG. 6E, an etching process

is performed using the low dielectric photoresist layer 114

as a etching mask, portions of the cover layer 113 and the

gate dielectric layer 104 that are not covered by the low

dielectric photoresist layer 114 are removed until portions

of the drain 110b, the data line 112, and the second

bonding pad 140 adjacent to the data line 112 are are re-

spectively exposed. In the above etching step, the first

mask layer 232 and the second mask layer 242 over the

two edges of the substrate 100 is also provided as a etch-

ing mask, thus the gate dielectric layer 104 that is not

covered by the first mask layer 232 and the second mask

layer 242 over the two edges of the substrate 100 is re-

moved, and a portion of the first bonding pad 130 and a

portion of second bonding pad 140 are exposed.



[0072] Referring FIG. 4A and FIG. 6G, a fifth maslcing process is

performed to form a pixel electrode 122 over the low di-

electric photoresist layer 114, wherein the pixel electrode

122 is electrically connected with the drain 110b via the

first opening 116. During the step of forming the pixel

electrode 122, an electrode material layer 124 is formed

into the second opening 118 and the third opening 120,

and therefore the data line 112 and second bonding pad

140 are electrically connected. The electrode material

layer 134/144 respectively connects with the first bonding

pad and the second bonding pad 140.

[0073] Likewise, the pixel electrode 112 formed above covers the

conductive layer 152 and a portion of the scan line 101a

forming a pixel storage capacitor 150.

[0074] However, if the etching material used in the etching step

of FIG. 6E does not have an enough etching selectivity to

the amorphous silicon and the dielectric layer, the etching

step may remove a portion of the first mask layer and the

second mask layer 242 that is not covered by the low di-

electric photoresist layer 114, or an upper portion of the

gate dielectric layer 104 under the first mask layer 232

and the second mask layer 242 as shown in FIG. 6H may

be removed. But, with considerable etching selectivity be-



tween the amorphous silicon and dielectric material, etch-

ing of the gate dielectric layer 104 may be effectively pre-

vented the thickness of the gate dielectric layer 104 may

be preserved. Then the fifth masking process is per-

formed to form the pixel electrode 122 and the electrode

material layers 124, 134, 144 as shown in FIG. 61. There-

fore, even though the etching stop ability of the first/

second mask layer 232/242 of the amorphous silicon ma-

terial layer is not as good enough as that of the metal ma-

terial, but the etching selectivity of the amorphous silicon

material layer inbetween the dielectric material is still suf-

ficient to prevent the surface of the first/second bonding

pad 130, 140 from getting the damage due to exposure

to etchants during the etching step.

[0075] Because of the transparency of the amorphous silicon ma-

terial is much larger than that of the metal material, by

using the amorphous silicon material as the first/second

mask layer, the first/second mask layer can be disopsed

in a ring pattern (as shown in FIG. 4A) as described above.

Moreover, the amorphous silicon layer can be formed cov-

ering over the two edges of the substrate that are not

covered by the low dielectric photoresist layer 144, and

only a portion corresponding to the first/second bonding



pad 130/140 remain exposed, as shown in FIG. 5.

[0076] Referring to FIG. 5, tlie cross-sectional views taken along

line 11-11" in FIG. 5 is shown in FIG. 6A to FIG. 61. The pro-

cess steps of fabricating thin film transistor shown in FIG.

5 is similar to FIG. 4A except that, when performing the

second masking process, the design of the mask pattern

used is different. That is, the second masking process of

FIG. 5 further includes disposing the first/second mask

layer 332/342 at the two edges of the substrate 100 ex-

cept for forming the channel layer 106 and the ohm con-

tact layer 108. The first/second mask layer 332/342 is a

rectangular pattern and covers on the two edges of the

substrate 100 which is not covered by the low dielectric

photoresist layer 114. The opening 332a/342a is dis-

posed in the first/second mask layer 332/342, and a

first/second bonding pad 130/140 is exposed there-

within.

[0077] In other words, in the process steps of fabricating the thin

film transistor shown in FIG. 5 is similar to that shown FIG.

4A except that the second masking process is different,

while the other four masking processes are same.

[0078] In the second embodiment, instead of forming the first/

second mask layer as a ringed pattern (as shown in FIG.



4A), or as rectangular pattern to cover the two edges of

the substrate not covered by the low dielectric photoresist

layer (as shown in FIG. 5), a whole mask layer of the chan-

nel and the ohm contact material is formed. As shown FIG.

7, the bonding pad is hollowed out, and the numeral 600

represents the channel and the ohm contact material

layer, and the openings 600a, 600b are formed for expos-

ing the bonding pad 140 and 130. In the meantime, the

channel 106 of the thin film transistor 111 does not have

a channel pattern, instead the channel and ohm contact

material layer 600 between the source 110a and the drain

110b are provided as a channel 106.

[0079] Moreover, when the whole mask layer 600 of the channel

and the ohm contact material is provided as the first/

second mask layer, after the etching process of the final

bonding pad, the gate dielectric layer with the silicon ni-

tride material corresponding to the opening 600a, 600b

of the mask layer 600 will be totally etched, and the

bonding pad 130, 140 will be exposed. Likewise, the

thickness of the gate dielectric layer over the bonding pad

130, 140 that is covered by the mask layer 600 will be

thinner.

[0080] Therefore, the thin film transistor (TFT) array manufac-



tured by the method of the second embodiment has a

structure that is similar to that of the first embodiment

except that the first mask layer 332 and the second mask

layer 342 covers the two edges of the substrate 100 that

is not covered by the low dielectric photoresist layer 144.

In another embodiment, except for the material of the

mask layer 600 including an amorphous silicon material,

the mask layer 600 covers the whole surface of the sub-

strate 100, while only a portion corresponding to the

first/second bonding pad 130/140 is exposed.

[0081] |\/ioreover, if in the present embodiment, the first/second

mask layer 232/242 (or layer 332/342, 600) is removed in

the etching process, an upper portion of the gate dielec-

tric layer 104 will also be removed, and the structure will

be different from the above structure. The structure of the

thin film transistor is described as follows.

[0082] The thin film transistor array is constituted by a scan line

101, a first bonding pad 130, a second bonding pad 140,

a gate dielectric layer 104, a data line 112, a thin film

transistor 111, a cover layer 113, a low dielectric photore-

sist layer 114, a pixel electrode 122 and a pixel storage

capacitor 150.

[0083] The scan line 101 is disposed on the substrate 100. The



first bonding pad 130 is disposed over an edge of tlie

substrate 100, wherein tlie first bonding pad 130 is elec-

trically connected with the scan line 101. The second

bonding pad 140 is disposed over another edge of the

substrate 100. Moreover, the gate dielectric layer 104 is

disposed over the substrate 100, wherein a portion of the

first bonding pad 130 and the second bonding pad 140

are exposed within a opening in the gate dielectric layer

104, and wherein the remaining portions of the first

bonding pad 130 and the second bonding pad 140 remain

covered by the gate dielectric layer 104. The thickness of

the gate dielectric layer 104 that covers the edge of the

first bonding pad 130 and the second bonding pad 140 is

less than the thickness of the gate dielectric layer 104 in

the pixel area. Moreover, the data line 112 is disposed

over the gate dielectric layer 104, and the data line 112

extended to the edge of the substrate 100 and is electri-

cally connected with the second bonding pad 140 via the

openings 118, 120 and the electrode material layer 124

formed in the openings 118, 120.

[0084] The thin film transistor 111 is disposed over the sub-

strate, wherein the thin film transistor 111 is constituted

by a gate 102, a source 101a , a drain 101b and a channel



layer 106. The gate 102 is electrically connected to the

scan line 101, and the source 101a is electrically con-

nected to the data line 112. The channel layer 106 is dis-

posed on the gate dielectric layer 104 over the gate 102.

In addition, the cover layer 113 is disposed over the sub-

strate 100, and the low dielectric photoresist layer 114 is

disposed over the cover layer 113. The two edges of the

substrate 100 where the first bonding pad 130 and the

second bonding pad 140 are disposed remain exposed.

The pixel electrode 122 is disposed over the low dielectric

photoresist layer 114 over the area corresponding to the

disposed thin film transistor 111. The pixel electrode 122

is electrically connected to the drain 101b. The pixel stor-

age capacitor 150 is disposed over the other scan line

101a adjacent to the scan line 101.

[0085] Hereinafter, a third embodiment of the present invention

will be described. In the present invention, instead of us-

ing the second metal layer or the channel material layer

(amorphous silicon layer) for forming the first mask layer

and the second mask layer, the first/second mask layer

may also be formed using a combination of the second

metal layer combined and the amorphous silicon layer. In

other words, when performing the second masking pro-



cess and the third masking process, the pattern of the

first/second masl< layer is also formed simutaneously, the

detailed process will be describrd as follows.

[0086] Hereinafter, FIG. 8A to FIG. 8G are cross-sectional views

illustrating the progression steps of a process of fabricat-

ing a thin film transistor array substrate according to the

third embodiment of the present invention.

[0087] jhe third embodiment is a combination of the first em-

bodiment and the second embodiment. In other words,

the first/second mask layer is a bilayer structure, in which

the material of the top layer 142 is same as that of the

source 110a , the drain 110b and the data line 112, while

the material of the bottom layer 242 is same as that of the

channel layer 106.

[0088] In FIG. 8A to FIG. 8G, the parts that are similar in the two

(second and third) embodiments described above are rep-

resented by the same numeral, and the process steps il-

lustrated in FIG. 8A to FIG. 8G are same for the two em-

bodiments, except that, when the channel layer 106 is

formed, the bottom layer 242 of the first/second mask

layer on the gate dielectric layer 104 over the first/second

bonding pad 130/140 is also formed simutaneously, as

shown in FIG. 8B. And when the second metal layer



(including the source 110a, tlie drain 110b, data line 112

and the conductive layer 152) are formed, the top layer

structure 142 of the first/second mask layer is also

formed smutaneously, as shown in FIG. 8C.

[0089] Therefore, the steps of forming the cover layer 113, the

low dielectric photoresist layer 114 and the pixel elec-

trode 112 are same for the second and the third embodi-

ments described above.

[0090] However, it is to be noted that, in the third embodiment,

the first/second mask layer is comprised of a combination

of the second metal layer with the amorphous silicon layer

can also include other combinations. For example, the

width of the top metal layer can be less than that of the

bottom amorphous silicon layer, or the width of the top

metal layer can be larger than that of the bottom amor-

phous silicon layer. The only requirement is that the edge

of the first/second bonding pad must be covered by at

least one of the top metal layer or the bottom amorphous

silicon layer.

[0091] Moreover, the combinations described above may also in-

clude disposing the second metal layer material over a

portion of the first/second bonding pad as a mask layer,

and disposing the amorphous silicon material over the



other portion of the first/second bonding pad as another

mask layer. Alternatively, a portion of the mask layer dis-

posed over each one of the bonding pad is constituted by

the second metal layer material, and the other portion is

constituted by the amorphous silicon layer. The only re-

quirement is that the mask layer constructed by any one

or both of the second metal layer material and the amor-

phous silicon layer at least covers the edge of the first/

second bonding pad.

[0092] The manufacturing method of the thin film transistor ar-

ray substrate of the present invention is also suitable for

the manufacturing a channel layer having an etching stop

layer, the detailed process is described as follows.

[0093] Referring to FIG. 9, after forming a gate dielectric layer

104, a channel layer 106, an etching stop layer 800 and

an ohm contact layer 108 are formed on the gate dielec-

tric layer 104. Then, a second metal layer is formed over

the substrate and patterned until the etching stop layer

800 is exposed to form a source 110a, a drain 110b and a

data line 112. While the other process steps are similar to

the process steps described above. For example, in FIG. 9,

the method of using a second metal layer as a first/

second mask layer is similar to the method described in



the first embodiment. And in FIG. 10, the method of using

an amorphous silicon material as a first/second mask

layer is similar to the method described in the second em-

bodiment. And in FIG. 11 , the method of using a second

metal layer combined with an amorphous silicon material

as a first/second mask layer is similar to the method de-

scribed in the second embodiment. In other words, in a

manufacturing process of a thin film transistor having

etching stop layer of the present invention, the steps of

forming the first/second mask layer can be provided by

any one of the three embodiments described above. It will

be apparent to those skilled in the art that various modifi-

cations and variations can be made to the structure of the

present invention without departing from the scope or

spirit of the invention. In view of the foregoing, it is in-

tended that the present invention cover modifications and

variations of this invention provided they fall within the

scope of the following claims and their equivalents.


